Purpose The functional role of the FSHR promoter −29G/A polymorphism (rs1394205) in men is not clear. Some studies failed to find a relationship between the FSHR −29G/A and follicle-stimulating hormone (FSH) levels and did not associate the SNP with male infertility. Only one study showed that the FSHR −29 SNP modulates serum FSH levels in Baltic young male cohort. Because the SNP −29G/A has to be shown to have a strong effect on in vitro transcription activity of the FSHR promoter and the activation of FSHR is necessary for a normal FSH function, this study was undertaken to assess whether the FSHR -29G/A SNP modulates the gonadal endocrine function in men. Methods A total of 200 men with alteration of conventional sperm parameters or normozoospermia (according to the parameters WHO 2010), were genotyped by TaqMan Assay. Hormone levels were measured by immunoassay, and sperm analysis was performed according to the World Health Organization criteria. Results A significant gradient of increasing FSH levels across the FSHR −29G/A genotypes was observed (p < 0.01). Among normozoospermic men (n = 110), those with FSHR −29A-allele carriers (GA + AA and AA) had higher serum FSH (p < 0.01) and LH levels (p < 0.05) and higher body mass index (BMI) (p < 0.01) compared to men with the GG genotype. The carrier status of rs1394205 genotypes did not affect the other endocrine parameters neither in men with altered sperm parameters nor in normozoospermic men. Conclusions The FSHR −29G/A polymorphism modulates FSH and, for the first time, LH serum levels and BMI in normozoospermic men. These findings underline the importance to pay close attention to the studies of genetic variations associated with clinical-endocrine parameters.
Introduction
Follicle-stimulating hormone (FSH) is produced by the anterior pituitary gland and its interaction with FSH receptor (FSHR) is essential for normal oogenenesis and spermatogenesis. In women, FSH regulates the maturation of Graafian follicles and granulosa cell estrogen production and is also essential to prevent apoptosis and to stimulate proliferation of granulosa cells [1] . In men, during the fetal and neonatal development, FSH is fundamental for Sertoli cell proliferation and for spermatogonia mitosis [2] . In adult men, FSH is important to guarantee the metabolic functions of Sertoli cells on the maintenance of quantitatively and qualitatively normal spermatogenesis [3, 4] . FSH is a heterodimeric glycoprotein composed of an α-glycoprotein subunit (αGSU) and a β-subunit (FSHß) that ensures the binding specificity to FSHR [5] . The effectiveness of FSH relates to the intrinsic bioactivity of the hormone, its serum concentration, and the efficacy of its receptor signal transduction in response to hormone stimulation. The FSH receptor (FSHR) belongs to the family of Gprotein coupled receptors. It is expressed both in ovarian granulosa and in testicular Sertoli cells, and its activation is necessary for the FSH biological function [6] .
The human FSHR gene (MIM 136435, chr.2p21, gene192 kb) consists of ten exons and nine introns, and its activity is regulated by a core promoter spanning 225 bp, which represents a TATA-less promoter [7] . To date, the National Center for Biotechnology Information (NCBI) Single Nucleotide Polymorphism (SNP) database (http:// ncbi.nlm.nih.gov/SNP/) indicates that the FSHR gene links to a total of 4874 SNPs, both in the core promoter and in the coding region. In particular, the FSHR −29G/A (rs1394205) is a common SNP located in the core promoter region resulting in a G/A exchange in a potential GGAAA binding domain for a c-E-twenty-six specific (c_ETS) transcription factor [8] . The FSHR SNP has been reported, by an in vitro analysis in CHO cells, to decrease the transcriptional activity of the promoter in the presence of the A-allele [9] . In women, the FSHR −29G/A has not been associated with serum FSH levels [10, 11] , but female Indian carriers of the FSHR −29A-allele were less responsive to FSH treatment than other genotypes [12] . The insensitivity to FSH treatment was supported by the finding of reduced levels of mRNA expression and protein in granulosa cells obtained, during assisted reproductive techniques (ART) treatment, from subjects with FSHR AA genotype compared to women with FSHR GG genotype [12] .
The available data concerning the FSHR −29G/A SNP in men are less consistent. Some studies and a meta-analysis showed no association between the −29 G/A SNP haplotypes and male infertility in different populations [13] [14] [15] [16] [17] . A study reported reduced testis volume and slightly lower sperm counts in FSHR −29 A-allele carriers [18] . Very recently, only one study showed that FSHR −29 SNP was associated with different FSH levels in Baltic young male cohort [19] . This background prompted us to investigate the influence of the FSHR −29G/A polymorphism on reproductive hormonal levels, sperm parameters, and testicular volume in men from Southern Italy.
Subjects and methods

Subjects
We recruited 200 men belonging to the Italian (Caucasian) population from Southern Italy, referred to the Division of Andrology and Endocrinology, University of Catania. The exclusion criteria were male infertility by genetic causes (karyotype anomalies, Yq chromosome microdeletions, and CFTR gene mutations), cryptorchidism, testicular tumors, or pituitary adenomas.
Genotyping
Genomic DNA was purified from total peripheral blood with the High Pure polymerase chain reaction template preparation kit (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer's instructions. DNA concentration was quantified by Nanodrop1000 spectrophotometer V 3.7 (Thermo Fisher Scientific, Wilmington, DE, USA). Genotyping for the −29G/A SNP (rs1394205) was performed with StepOne Real-Time PCR System (Applied Biosystems, USA) for real-time PCR and TaqMan Genotyping Master Mix (Life Technologies, Pleasanton, CA, USA) and a TaqMan SNP Assay (Life Technologies, Austin, Texas, USA) customized for the studied SNP (C_27829553_10). The default thermal cycling conditions (10 min at 95°C followed by 50 cycles of 15 s at 92°C plus 1 min and 30 s at 60°C) were applied. After each amplification, an allelic discrimination was made to determine the genotype of each subject. To find positive control DNAs representing the three genotypes (GG, GA, and AA) into each genotyping reaction plate, we have previously performed direct automated DNA sequencing on AbiPrism 310 Genetic Analizer (Applied Biosystems) of PCR products containing the specific polymorphism.
Reproductive hormone and sperm analyses
All reproductive hormone assays were performed in the central laboratory of the BPoliclinico G. Rodolico^teaching Hospital. Serum concentrations of FSH, luteinizing hormone (LH), and testosterone levels were measured by commercial chemiluminescence immunoassay methods (Roche Diagnostic, Mannheim, Germany). Testicular volume was evaluated by Prader's orchidometer by the same operators (AEC and SLV), and the mean of the two evaluations was calculated and used for further analysis.
Semen samples were collected by masturbation from each patient after 4 days of sexual abstinence on two different occasions about 2 weeks apart. Sperm analysis was performed according to the World Health Organization (WHO) criteria. Patients were classified into two groups according to their sperm count: 90 patients had alteration of conventional sperm parameters, and the remaining 110 men were normozoospermics according to the WHO 2010 criteria (WHO, 2010). Men with one or more conventional sperm parameters (density, total, and progressive motility and normal forms) below the fifth percentile were considered as men with alteration of conventional sperm parameters.
Statistical analysis
Results are reported as mean ± SD and median, as appropriate throughout the text. The sperm parameters used for statistical analysis were the mean of the two sperm collections obtained from each men enrolled. The results of the repeated sperm before statistical analysis, all data, were analyzed for normal distribution using Kolmogorov-Smirnov test and for equal variance using the Bartlett's test. Among all variables, testosterone, body mass index (BMI), and testicular volume had normal distribution and equal variance and were compared among different genotypes by one-way analysis of variance (ANOVA). The remaining variables were analyzed using the Kruskall-Wallis test. To assess statistical differences in the variables between the carriers (GA + AA or AA) and non-carriers (GG) of the A-allele, we used one-way analysis of variance (ANOVA) or non-parametric Mann-Whitney two tailed U test, as appropriate. Chi-squared analysis was used to determine whether the genotype distribution conformed to HardyWeinberg equilibrium and to compare differences in variant tract frequencies between the group of men with alteration of conventional sperm parameters and normozoospermia. The analysis was performed using SPSS software (version 22) (SPSS Inc., Chicago, IL). Statistical significance was set at p ≤ 0.05.
Results
The clinical and endocrine characteristics of all men stratified according to the three FSHR genotypes are shown in Table 1 . All the end points measured in this study were preliminary analyzed for the FSHR −29G/A polymorphism in the whole group of men. Overall, serum FSH, LH, and testosterone levels were 6 ± 5.7 IU/L, 4.7 ± 2.3 IU/L, and 5.1 ± 1.8 IU/L, respectively. We found that serum FSH levels were significantly different among the three −29G/A genotypes (GG, GA, and AA). In particular, a significant gradient of increasing FSH level across the FSHR genotypes (GG<GA<AA) was observed (p = 0.003) ( Table 1 ). When we compared the distribution of FSH values between men with GG genotype and the group of men including AA homozygotes alone or with GA heterozygotes, we found a significant difference (p = 0.002 and p = 0.009, respectively) ( Table 1 ). The same upward trend of a suggestive, but not significant, difference was found in LH levels (p = 0.097 and p = 0.1, respectively) and in BMI levels (this latter was observed only when GG genotype was compared with AA homozygotes, p = 0.06) ( Table 1) . No significant association between the FSHR −29G/A SNP and testicular volume and testosterone levels was found. We analyzed the effect of the SNP on four main seminal parameters (sperm concentration, total sperm count, progressive motility, morphology) in all men. No significant differences were found in any of these sperm parameters among the three genotypes (Table 1) .
Subsequently, when the clinical-endocrine characteristics among the FSHR genotypes were compared separately in the patients with or without abnormal sperm parameters, we found that the FSHR genotypes resulted in different serum FSH and LH levels and BMI only in men with normozoospermia (Table 2 ). In particular, the −29 A-allele carrier groups (GA + AA group and AA group) had higher serum FSH and LH levels (p = 0.004 and p = 0.024, respectively) and BMI (p = 0.007) than those observed in the −29 Aallele non-carriers group (GG) ( Table 2 and Fig. 1) . No significant effect of the −29G/A SNP was detected on testicular volume and testosterone levels in both groups (Table 2) . Likewise, no statistically significant association of the three FSHR genotypes with sperm parameters in either group was observed ( Table 2) .
The frequency distribution of the FSHR SNP at nucleotide position −29 was 54.5% (n = 109) for GG genotype, 39% (n = 78) for GA genotype, and 6.5% (n = 13) for AA genotype. The FSHR −29 A-allele frequency was 26%. No deviation from Hardy Weinberg equilibrium was observed. The analysis for the three FSHR genotypes frequencies did not show any significant difference between men with alteration of conventional sperm parameters (GG 52.2, GA 41.1, and AA 6.7%) and men with normozoospermia (GG 57.5, GA 35.8, and AA 6.7%) (p = 0.649). In men with altered sperm parameters, the FSHR −29A-allele showed a similar frequency (27.3% or 49/180 chromosomes) than that detected in men with normozoospermia (24.53% or 52/212).
Discussion
Here, we report on the clinical implications of the FSHR −29 G/A SNP in 200 men with alteration of conventional sperm parameters or normozoospermia from Southern Italy. In the overall sample, we observed 42% higher serum FSH levels in men homozygous for the A allele compared to men with FSHR GG genotype. Interestingly, when the cohort of men was studied in more detail, a significant gradient of increasing FSH levels across the three FSHR genotypes was observed only in men with normozoospermia. To our knowledge, this is the second study on an European population to show a significant functional consequence of the FSHR −29G/ A polymorphism on serum FSH levels in men. Previous studies have evaluated the −29 G/A polymorphism of the FSHR gene on German [13] and Italian [14] men failing to find any significant difference in serum FSH levels between men with different genotypes within each group of fertile men and infertile patients. Similar results were found in Turkish [15] and Chinese men [16] . Reduced testicular volume and slightly lower sperm count have been reported in −29 A-allele carriers from Estonia [18] . Only a very recent study on a Northern European population of Baltic young men and Estonian patients with oligozoospermia, reported an association between the −29 A-allele and increased serum FSH levels only in the first group of men [19] . In women, the clinical implications of −29G/A polymorphism are more clear than those in men. A higher frequency of the FSHR −29 AA genotype has been reported in Indian women with primary or secondary amenorrhea compared to normally cycling fertile women, and patients with primary amenorrhea with AA genotype had increased serum FSH levels [19] .
The high FSH levels that we found in men with FSHR −29GA genotype and more consistently in men with FSHR −29AA genotype can be interpreted as a genotype-dependent FSHR gene expression. The receptor encoded from the FSHR AA variant has a lower transcriptional activity, on in vitro analysis, than the GG variant (Nakayama), resulting in significantly reduced expression of the FSHR gene at both mRNA and protein levels on granulosa cells from women undergoing ART [12] . Thus, the findings of the present study indicates the presence of a less active FSH receptor in men with FSHR GA and FSHR AA genotypes. This is the first study showing serum LH levels to increase concomitantly with the number of A-alleles in men with normozoospermia. This finding suggests that an altered FSH Data are expressed as mean ± SD and median (in parenthesis). Statistically significant levels are marked in italic (p ≤ 0.05). One-way analysis of variance was used for the statistical evaluation of BMI, testicular volume and testosterone; the Kruskall-Wallis test was used for the other variables BMI body mass index *Not reported due to the few cases This may relate to a lower FSH signaling on the hypothalamic GnRH neuron resulting in a higher tone of this neuropeptide and consequently increased LH levels. Likewise, this is the first study showing a significant increasing gradient for higher BMI across the FSHR −29G/A genotypes (GG<GA<AA) in normozoospermic men. Further studies are needed to confirm this finding. The FSHR −29G/A genotype and allelic distribution did not differ significantly between patients with alteration of conventional sperm parameters and normozoospermic men. These results are comparable with those of previous studies [13] [14] [15] [16] [17] 19] and with a meta-analysis, based on studies including 1249 cases and 1572 controls, that showed no significant association between the SNP and the risk of male infertility. All together these findings suggest that the FSHR −29G/A polymorphism alone cannot be considered a genetic risk factor for male infertility. Conversely, if we consider the haplotypes formed with the −29G/A SNP, some studies observed a significantly higher frequency of the A-allele in azoospermic patients compared to controls [12] and in infertile patients compared to proven fathers [14] . However, the evidence is inconsistent since other studies failed to confirm such findings [14, 16] .
When the effect of the −29G/A FSHR polymorphism on the clinical-endocrine variables was analyzed separately in men with alteration of conventional sperm parameters and with normozoospermia, the strong serum FSH difference among the three FSHR genotypes was detected only in men with normozoospermia. No significant endocrine implication of the SNP was found in patients with altered sperm parameters suggesting that in men affected by infertility, as multifactorial disease, some mechanisms suppress or mask the influence of this genetic polymorphism on the endocrine variables investigated in this study. The absence of a clinical effect of the FSHR SNP on the patients with alteration of conventional sperm parameters also confirms that this SNP is not associated with male infertility, and since we have studied a thoroughly characterized population of men without known genetic causes of male infertility or endocrine disorders, we conclude that other factors, genetic and/or non-genetic, may be involved in their infertility. However, additional studies are also needed to understand whether in carriers of the FSHR −29A-allele normozoospermic men the reproductive lifespan is or not affected.
The reliable identification of genetic association is fundamental to achieve the results of genomic research to clinical application [20] , and the ability to refine diagnostic categories will allow specific treatments [21] . In the light of our results, close attention should be paid to the studies of genetic variations associated with clinical-endocrine parameters that need to distinguish the comparison in the fertile or infertile men, categories, which in turn, should be well defined. Furthermore, the collaboration of researchers in data evaluation and synthesis of results across studies is necessary in the creation of a research network for the recognition of the most credible genetic associations.
In conclusion, this study provides a clear evidence of the endocrine implication of the FSHR −29G/A polymorphism in modulating serum FSH levels and, for the first time, serum LH levels in men. We speculate that this SNP is a genetic variant that contributes to the fine-tuning of the endocrine regulation of the male reproduction.
